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Stepwise construction of a 1D heterotrimetallic coordination polymer containing all three group 10 metal ions via an ammineplatinum (II) metalloligand with D-penicillamine is reported. This system showed a significant enhancement in heterogeneous catalytic activity for electrochemical hydrogen evolution by the stepwise introduction of Pd II and Ni II into the Pt II metalloligand.
In recent years, heterometallic coordination compounds have received increased attention because the incorporation of different kinds of metal ions into one molecule often leads to an intriguing cooperative effect on physical and chemical properties, such as magnetism, emission, and catalysis. 1 To date, many examples of 'heterobimetallic' compounds that show some cooperative effect on their properties have been reported. However, reports on a cooperative effect for 'heterotrimetallic' species are still relatively uncommon. 2 This is owing to a lack of rational synthetic methods to incorporate three different kinds of metal ions into a single molecule; most of the heterotrimetallic coordination compounds have been synthesized via one-pot reactions in which three kinds of metal ions are self-assembled with organic and/or inorganic ligands under specific conditions. 3 To overcome this problem, we have developed a metalloligand approach, in which a metal complex having several donor sites coordinates in a stepwise fashion to second and third metal ions to form the desired heterotrimetallic coordination compounds. , there exist steric repulsions between the NH 3 ligand and the methyl group of a D-pen ligand in the trans isomer and the boat and chair forms of the cis isomer (Fig. S3, ESI † CN (v/v = 1/9) containing 0.1 M LiClO 4 displayed a sharp current increase at an onset potential of À0.98 V (vs. Ag/AgCl). A similar but lower current increase was also observed for a solid sample of [2] at À1.10 V. (Fig. 3) . 12 However, a solid sample of [H 2 1] showed only a slight current increase at À1.15 V. Since the control experiment using a bare glassy carbon electrode under the same conditions did not show any current increase until reaching À1.5 V, this observation is indicative of a catalytic reduction, 13 the activity of which drastically increases in the following order:
During the voltammetric scans, the evolution of bubbles from the electrode surface was observed for [2] and [3] Cl 2 . The bubbles were analyzed using gas chromatography (GC) and found to be H 2 gas (Fig. S5, ESI †) . Such an evolution of bubbles, as well as a current increase, was not detected when absolute CH 3 CN was used as the solvent instead of H 2 O/CH 3 CN (Fig. S6 , ESI †). Thus, [2] and [3] Cl 2 catalyze the electrochemical reduction of water to produce H 2 gas. These are relatively few examples of coordination compounds that exhibit a heterogeneous catalytic activity for H 2 gas evolution on an electrode surface. 14 Considering that [H 2 1] is significantly less active for catalytic reduction of water , the electrocatalytic water reduction was largely enhanced by heterogeneous activity, demonstrating a significant cooperative effect due to metal ions belonging to the same group, for the first time.
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